Objectives: To investigate the incidence of hyperthyroidism in Stockholm County, in those patients who were diagnosed with hyperthyroidism for the first time during the years 2003-2005. Design: All new cases of hyperthyroidism R18 years of age were prospectively registered to calculate the total incidence of hyperthyroidism, as well as the incidence of the subgroups: Graves' disease (GD), toxic multinodular goitre and solitary toxic adenoma (STA). Eight specialized units/hospitals in Stockholm County participated in the registration. The participating physicians were all specialists in medical endocrinology, oncology, nuclear medicine or surgery. Results: During a 3-year period, 1431 new patients of hyperthyroidism were diagnosed in a well-defined adult population (O18 years of age) of in average 1 457 036 inhabitants. This corresponds to a mean annual incidence of hyperthyroidism of 32.7/100 000. The incidence of GD was 24.5/100 000 per year, toxic nodular goitre was 3.3/100 000 per year and STA was 4.9/100 000 per year. Conclusions: The total incidence of hyperthyroidism in Stockholm County was found to be 32.7/100 000 per year, of which 75% had GD. There were a higher percentage of smokers among the patients with hyperthyroidism compared with the overall population in Stockholm, but no difference in the frequency of smoking between patients with GD and toxic nodular goitre.
Introduction
Thyrotoxicosis is caused by excessive quantities of circulating thyroid hormones. The clinical presentation depends on how various organs are affected by these hormonal levels at tissue level. There are three main types of hyperthyroidism caused by increased thyroid hormone production: Graves' disease (GD), toxic multinodular goitre (TMNG) and solitary toxic adenoma (STA). GD accounts for most of the patients with hyperthyroidism and the highest risk for onset is between 40 and 60 years of age (1) . The incidence in different areas depends upon iodine intake. If there is a low supply of iodine, the thyroid compensates by a number of mechanisms in an attempt to maintain sufficient thyroid hormone production. The rate of hyperthyroidism varies in different countries and affects w2% of the women and 0.2% of the men (2, 3) .
The incidence of hyperthyroidism has been reported in Malmö, Sweden, during the years 1970-1974 and 1988-1990 (4, 5) . The incidence was shown to increase from 25.8 in the early study to 43.0 per 100 000 inhabitants per year in the last study. The cause of the increased incidence was unknown but was probably influenced by more sensitive diagnostic tools and changes in smoking habits. Another study in a northern inland area of Sweden calculated an incidence of 34.7/100 000 per year. The incidence of toxic nodular goitre decreased between the first and second 5-year period of the study during the years 1975-1984 (6) .
The aim of this study was to determine the total and age-specific incidence of hyperthyroidism and to identify the subgroups (GD, TMNG and STA) during a period of 3 years (2003) (2004) (2005) in Stockholm County.
Materials and methods

Study population
The mean number of residents in the region of Stockholm County was 1 867 995 inhabitants during the study period. We excluded all persons who were under 18 years of age (22%). The average size of the study population during this 3-year period therefore was 1 457 036 inhabitants.
All patients had, because of hyperthyroidism, been referred to eight specialized units/hospitals in Stockholm County, which participated in the registration. In Stockholm, the treatment of hyperthyroidism is mainly decided and initiated by a specialist physician in those units. The physicians, who were participating in the registration, were all specialists in medical endocrinology, oncology, nuclear medicine or surgery. All patients from the Stockholm population newly diagnosed with hyperthyroidism (GD, TMNG and STA) for the first time during the 3-year period ranging from 1 January 2003 to 31 December 2005 were included in the study. A letter was also sent to all primary healthcare centres in Stockholm regarding possible patients with hyperthyroidism, who had not been referred to a specialized unit, to be certain that all patients were included in the study.
The patients were identified by having symptoms and/or signs of hyperthyroidism in combination with elevated levels of one or several of the following thyroid hormones: total serum thyroxin (T 4 ), free T 4 (fT 4 ), total serum tri-iodothyronine (T 3 ), free T 3 (fT 3 ) and suppressed TSH (!0.02 mU/l). Autoimmunity was screened by measuring antibodies to thyrotrophin receptor antibody (TRab) and thyroid peroxidase antibody.
All patients who had laboratory-confirmed hyperthyroidism and diffuse goitre, positive TRab and/or a verifying thyroid scintigraphy showing diffuse pattern of isotope uptake were diagnosed as GD. All patients with laboratory-confirmed hyperthyroidism and single or multinodular goitre, and absence of TRab were classified as STA and TMNG. This diagnosis was confirmed by scintigraphy showing local increased isotope uptake with the suppression of normal thyroid tissue in the remaining part of the gland in doubtful cases. Exclusion criteria were patients with past or current history of hyperthyroidism, with destructive thyroiditis or hyperthyroidism secondary to pharmacological treatment with amiodarone or interferon.
Study design and data collection
We performed a prospective registration of patients diagnosed as hyperthyroidic during the years 2003-2005 in Stockholm County, Sweden. Before the study was started, all the hospital specialists were notified and a questionnaire circulated to optimize its content. The registration of patients was made only at the first visit when the patient met a specialist who confirmed the diagnosis.
The following data were registered: age, sex, ethnic origin (country of birth), type of hyperthyroidism (GD, TMNG or STA), amiodarone treatment, smoking habits, occurrence of endocrine ophthalmopathy and pretibial myxoedema. A blood sample was drawn and laboratory tests were evaluated for current thyroid hormonal levels. A diagnostic thyroid scintigraphy and a 24-h 131 I uptake test were performed in selected cases. For each patient the initially planned treatment was registered.
The study was approved by the local ethic committee at Karolinska Institutet (KI: 02-520).
Statistical analysis
The incidence rate was calculated using the age-and sex-matched population. The Statistica 7.1, StatSoft Inc., Tulsa, OK, USA was used for all computer analyses.
Results
Total incidence
In this 3-year period, 1431 patients with hyperthyroidism were diagnosed, in which 1130 were females and 291 males, giving a female to male ratio of 3.9:1. The mean annual incidence of hyperthyroidism was 32.7 per 100 000 ( Table 1 ). The annual incidence for females was 50.8 per 100 000 and for males was 13.6 per 100 000.
Hyperthyroidism -subgroup incidence
GD occurred in 1071 patients corresponding to an annual incidence of 24.5 per 100 000. TMNG occurred in 146 patients (incidence 3.3 per 100 000) and STA in 214 patients (incidence 4.9 per 100 000; Table 1 ).
Age-specific incidence
The majority of the patients were between 40 and 80 years of age. The highest incidences for female patients were seen in the age groups of 50-59 (66.0/100 000 per year) and 70-79 years (68.3/100 000 per year). For male patients, the incidence had an increasing trend with age, with the highest peak over 90 years of age (31.9/100 000 per year) (nZ3 patients; Fig. 1 ).
The highest annual incidence of GD was in the middleaged patients; the peak incidence (29.4 per 100 000 per year) was seen in the group of 30-to 39-year old (Fig. 2) . The annual incidence for TMNG and STA showed an increasing incidence with age. For TMNG the peak was at the age group of 70-79 years (12.5 per 100 000 per year) and for STA the peak was at the age group of 70-79 years (17.1 per 100 000 per year; Fig. 2 ). Among the 1071 Graves' patients, there were 820 females and the majority of the patients were between the ages 30 and 60 years. With increasing age, the incidence of GD is decreasing in females (Fig. 3) .
Smoking habits
An exploratory question about smoking habits was answered in 1274 cases. The patients were equally distributed in the non-smoking group in the three types of hyperthyroidism: GD (42%), TMNG (45%) and STA (37%). In the (previous smokers) ex-smoking group, a trend to higher frequency was seen in the STA (33%) and TMNG (26%) compared with GD with 22%. The group of smokers were equally distributed among GD (24%), TMNG (21%) and STA (24%; Table 2 ).
Among all females and males, there were 43 and 35% in the non-smoking group and 22 and 31% in the ex-smoking group, and there were 24% each in the smoking group respectively. For both genders this question was not answered in 11%.
Discussion
The Stockholm County is a large area with eight specialized main hospitals where patients with hyperthyroidism are diagnosed and treated. Despite the fact that the questionnaire was circulated among the hospital specialists before the study was initiated to optimize its content, there could still be some patients who were not included in the study. To minimize this error as much as possible, we have analyzed lists of all patients with a diagnostic code for hyperthyroidism and thyrotoxicosis, who visited the included hospitals during the study period to be certain that as few patients as possible were not registered. To further minimize this possible problem, a letter was sent to all primary healthcare centres to report whether they have treated any patients with hyperthyroidism during this period. There were no additional cases reported from the primary healthcare centres. In the present study, the incidence was reported for the adult population. If children !18 years were included, the incidence number might be lower since hyperthyroidism is more uncommon among children.
The incidence of hyperthyroidism in Stockholm County is 32.7 per 100 000 per year (Table 1) . It is comparable with other studies where the incidence varies between 23 and 93/100 000 per year (4) (5) (6) (7) (8) (9) (10) (11) (12) .
The causes of hyperthyroidism are influenced by the endemic iodine exposure. GD has been shown to be more common among the new cases of hyperthyroidism in Iceland where the iodine intake is high-normal (300 mg/day) whereas multinodular or uninodular goitre causes over half of the new cases in an area of low iodine intake (40-70 mg/day) such as Jutland, Denmark (7, 13) . Iodine intake also affects the total incidence of hyperthyroidism since Iceland had lower incidence compared with Denmark. Another aspect of endemic iodine status is the changed prevalence in thyroid diseases, which iodine supplementation creates when general iodination programmes are started in iodine-deficient areas. In this situation, some individuals with a latent Graves' hyperthyroidism may aggravate to hyperthyroidism. Also patients with nontoxic or autonomous nodular goitre may progress to a toxic state (8, (14) (15) (16) .
It is therefore important to consider the iodine status in Sweden in relation to the present study. In Sweden, endemic goitre was found in many regions at the beginning of the 20th century. With the introduction of table salt iodization in 1936 (10 mg/kg), endemic goitre became less frequent. In 1966, the table salt iodization was increased from 10 to 50 mg/kg because some areas still had a high incidence of goitre. Our iodine supplementation programme has thus been established for more than four decades and a recent national survey of iodine intake in Sweden including the Stockholm area indicates a generally sufficient iodine intake (unpublished observation). We therefore consider the incidences of hyperthyroidism in the present study to be observed during a stable and sufficient iodine intake situation.
The discrepancy in incidence in the current investigation compared with the previous Swedish studies is due to the differences in toxic nodular goitre since the incidence of GD of 24.5/100 000 per year is in close agreement with the earlier reports (17-22/100 000 per year) (4-6). GD accounted for 75% of the total hyperthyroidism patients in the present study and it is known that this disease is calculated to be 60-80% of the total number of patients with hyperthyroidism, depending on regional factors, especially iodine intake (9).
The age-specific incidence of GD was, as suspected, the highest among the young patients (Fig. 2) . The STA incidence was 4.9/100 000 and for TMNG it was 3.3/ 100 000 per year. TMNG had the lowest incidence among the three types of hyperthyroidism. Previously, the incidence of these two types has been reported to be 5.4-16.0/100 000 per year for TMNG and 2.7-4.8/ 100 000 per year for STA (4, 5) . The low incidence of TMNG in the current and the other previous Swedish studies are probably due to the fact that these types are more common in areas with iodine deficiency (17) . It is therefore tempting to speculate whether the lower incidence of TMNG in the present study is related to the iodination programme. For example, is it possible that there has been a short-term 'flare' of thyrotoxicosis in TMNGs during the 1970s and 1980s, as the 50 mg iodine/per kilo table salt became more widely used after its introduction in 1966, and that this boom of TMNG has settled? Moreover, did the iodination programme result in less frequent development of nodular goitre in subjects who were young during these decades and who now would be in their middle or old age and thereby contribute to a decreased incidence of TMNG in the present study? Meanwhile have the middle-or old-aged subjects with nodular goitre at that time and candidates for TMNG at present died due to higher age-related mortality? The age-related increase in TMNG in the present study could support such hypotheses.
However, the present study was not designed to enlighten this perspective. The present incidence study was performed in Stockholm while previous data on TMNG have been collected in southern Sweden (Malmo) in late 1990s (4, 5) . Since no previous measuring point is available, we cannot confirm that the incidence of TMNG has decreased in the Stockholm region. In addition, there are region-related possible confounders such as socio-economic factors, smoking and emigration patterns.
The total incidence rate for females is 50.8/100 000 per year and for males 13.6/100 000 per year giving a ratio of 4:1 female: male. It is in accordance with the ratios from previous studies (female:male 5.6:1-6.6:1) (4, 18). It is well established that smoking habits increase the risk to develop GD as well as the relapse rate for medically treated patients. The mechanism behind this is not understood (19, 20) . In this exploratory study of smoking habits, smoking did not contribute to the correlation within the subgroups, as the smokers were divided equally among the three types of hyperthyroidism (Table 2) . We had expected to see a higher rate of smokers in the GD group. The explanation behind the equal number of smokers in the subgroups can be that smoking is only one of the many environmental factors that combined with genetic factors, can trigger the disease. Comparing the smoking habits of the investigated patients' hyperthyroidism with the overall adult population in Stockholm, we found that smoking was less common among the overall adult population in Stockholm for the year 2005 (total 16%, females 17% and males 14%). This shows that smoking is more correlated to hyperthyroidism and less to the subgroups of hyperthyroidism.
In conclusion, this study has for the first time defined the incidence of hyperthyroidism in a large study population in Stockholm County, Sweden. The majority of hyperthyroidism is due to GD. Our results are important for future research and from healtheconomic perspectives.
